Introduction
Mid-infrared laser, especially ~3 μm laser, has extensive potential application, such as remote sensing and laser microsurgery. The abundant level systems of Er 3+ , Dy 3+ and Ho 3+ ions make the production of ~3 μm laser possible [1] [2] [3] . Therefore, a series of methods were used to enhance the intensity of photoluminescence around 2. 
Experimental
Glass was prepared following the molar composition 56GeO 2 -15PbO-14Na 2 O-12Ga 2 O 3 -3PbF 2 -Er 2 O 3 -0.5Pr 2 O 3 , named GPNG glass. 3 mol% PbF 2 was introduced to reduce the hydroxyl groups. All the high-purity powders were well-mixed and melted at 1150 °C for 30 min in an electrical furnace. The melting glass was bubbled with high-purity oxygen gas, and then the melts were poured into preheated stainless-steel mold and annealed for 10 h. The homogeneous samples were cut into 20 mm × 20 mm × 1 mm and well polished.
Refractive index was measured by a Specro-Ellipsometer (Woollam W-VASE, error limit ±0.05%). With 1 nm steps, the absorption spectra were recorded in the range of 400-1700 nm with a Perkin-Elmer Lambda 900 UV/VIS/NIR spectrophotometer. Under 980 nm, laser diode (LD)'s pumping, fluorescence spectra were tested by a computer-controlled TRIAX 320 type spectrometer and the FLSP920 fluorescence spectrophotometer (Edinburgh Analytical Instruments Ltd., Livingston, UK). The emission spectra ranged in 2550-2800 nm, 1400-1700 nm, 500-700 nm and the lifetime of Er 3+ : 4 I 13/2 level was also obtained accordingly. The power of 980 nm LD, the width of the slit to collect signals and the position of the samples were fixed to the same condition in the experiment setup in order to accurately compare the intensity of 2.7 μm emission. All the measurements were carried out at room temperature. of OH − groups can be represented by absorption coefficient, which is defined by:
Results and Discussions
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Where l is the sample thickness (cm), T b and T are the lowest transmittance (%) in OH to the optical basic of host materials. Table 1 shows that Ω 2 of GPNG glass is higher than other systems, while Ω 6 is smaller than fluoride and fluorotellurite glass. 
Where DA H is the Hamiltonian between the donor and acceptor. 
is the overlap between donor emission and acceptor absorption with zero phonon participation. and are the Huang-Rhys factors in germanate glass. In the resonance and quasi resonance energy transfer process, the overlap is calculated by Miyakawa and Dexter [25]:
In the case of m-phonon emission by the donor and no phonon absorption by the acceptor, the integral overlap is: If we just focus on m-phonon creation process, the probability rate of energy transfer can be obtained by:
where R is the distance between donor and acceptor. C DA is the energy transfer coefficient, which can represent the efficiency of energy transfer. Thus, C DA can be expressed by: 
The calculation results by Equations (2)-(10) are listed in Table 3 . It also shows the contribution percentage of different phonon numbers to the probability rate involved in the energy transfer. As a result, the transfer coefficient of ET1 
